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Skip the Grid is a project organized by Heart of America, a nonprofit, looking to improve the
education and overall wellbeing of children and their families. Many residents within Navajo Nation
do not have access to continuous power and rely on temporary generators or car battery to obtain any
kind of electricity. Heart of America partnered with the Red Mesa School District to identify families
that did not have power, which was impacting the children’s ability to complete their online
schoolwork. This senior project was comprised of an interdisciplinary team responsible for installing
a working solar system on twelve homes on the Navajo Nation Reservation. With the help of
sponsors, a team of Cal Poly students successfully provided solar power to twelve homes in Navajo
Nation. The solar system powers a refrigerator, lights, and a charging port for Chromebooks. This
new installation will help Red Mesa students continue their education without worry of their computer
running out of battery. For the first time these families will have access to a refrigerator which allows
these families to now keep perishables. The project successfully integrated technology into the lives
of these Navajo families without intruding upon the culture and tradition that makes Navajo Nation so
special.
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Introduction
This interdisciplinary project was developed to provide power and refrigeration to twelve homes in
the Navajo Nation. The California Polytechnic State University San Luis Obispo (Cal Poly) project
team consisted of electrical engineering, mechanical engineering, construction management, graphic
communications, and political science students. The teams also included Cal Poly faculty, Solv
Energy, and Heart of America and was made possible by generous contributions from numerous
supporters. During the planning stage, each of the four Construction Management students were
responsible for distinct roles in the project. I served as a superintendent and was responsible for
creating a tool list, materials list, and pre task plan. The project group was split into two separate
teams (green and gold) that were responsible for solar photovoltaic (PV) panel, load center, lights, and
refrigerator installation on their own set of 6 of the twelve unique houses. This project required us to
think critically and apply skills that we have learned in class and through internships to make a
difference in an underrepresented community.

Background
Located in the four corners region of the United States the Navajo Nation spans 16 million acres and
consists of approximately 180,000 residents. Approximately thirty percent of the households do not

have permanent grid tied power and are unlikely to get it soon if ever. Heart of America is an
educational non-profit organization that works to support children that do not have the resources to
grow up successfully. Solv Energy is the largest grid level solar energy contractor specializing in
construction and operation of solar PV plants. Cal Poly partnered up with Heart of America and Solv
Energy to send a team of students to the Navajo Nation to install solar panels, a refrigerator, and lights
in selected homes. These homes were selected by the Red Mesa, AZ school district that identified
families that did not have power – which hindered the children’s ability to be successful in school. I
have a passion for building and working with tools and I really wanted my senior project to benefit
people. When I was approached about participating in this project, I was excited to get on board as it
checked all the boxes.
In general, I grew up working with my father on various task such as automotive work to building
fences. This gave me a lot of prior knowledge of how things are put together and basic use of tools.
Prior to this project, I gained various skills through the Cal Poly Construction Management program
as well through summer internships. In classes such as Residential Construction Management and
Commercial Construction Management, I learned how to properly use tools and general safety
precautions that must be taken when using them. Jobsite Construction Management conveyed the
importance of managing safety on a jobsite. In addition, these classes demonstrated how to properly
develop a pre-task plan, which identifies steps that will be taken, and potential hazards associated with
each step and in addition developing a schedule. The Specialty Construction Management Course
along with my time on the Associated Schools of Construction mechanical team and the Mechanical
Contractors Association of America team provided knowledge on electrical and mechanical systems
including solar and refrigeration. During my internships I learned to track and organize materials and
consumables needed on the job. This helped me create a materials list to ensured we did not run out
mid job, as there were no nearby locations for additional materials.

Process
Funding
This project had great support from many industry partners allowing us to secure the necessary
resources and appropriate logistics and travel. Sponsors included Solv Energy, Heart of America, Live
Action, Dometic, Goal Zero, Cupertino Electric, Prime Electric, and Quiring General and several
grassroots donations. Due to many variables including variations in the homes and system design
changes that that evolved throughout the project, our funding and budget allowed us to perform a
practice installation as well as purchase a variety of fasteners and sealants that we would need for
multiple potential installation conditions. This allowed us to apply the best method based on the
substrate and site conditions, which helped us come prepared to each house.

System Design and Installation Planning
Since the overall system was designed by our sponsors in conjunction with our engineering
colleagues, our team focused on installation methods. In order to complete the project on time the
project group was split into a gold and greed project teams. I was the construction leader on the gold
team, taking responsibility for all construction related tasks on this team. Prior to traveling to the site,

we were provided photos and locations of the homes. After viewing the photos, we discovered that
multiple homes lacked ideal roofs for mounting the solar panels, due to insufficient structure,
substrate, or orientation. This system relies on receiving sufficient solar exposure on a daily basis
throughout the year so the system can provide enough energy to power all of the intended electrical
loads of the planned components and accessories. To ensure we could satisfy demand in suboptimal
conditions, we created a design and mockup of a ground mount frame that could secure the panels at
the ideal and angle and direction. Our mockup frame design was composed of Unistrut cut and bolted
into to a supported triangle at an angle of 40 degrees. Unistrut was used because it is much more
stable and durable than wood, plus it has the added benefit of being heavier to prevent the wind from
moving the stand.

Figure 1| Ground Mount Mockup

Figure 2| Roof Mount Mockup

The system itself consists of four 40” x 26.75” 100-watt solar panels, a portable battery, two portable
LED lights, and 30’ of cable to connect the panels to the battery. The location of the components
needed to be flexible because it was up to the owner and interior conditions that dictated the location
of the battery. The 30’ of cable was sufficient enough that it would be able to meet most possible
battery locations to the ideal placement of the panels. The panels came with four brackets which
would be used to attach the panel to either the ground frame or roof. After consultation with all
stakeholders, it was determined that ground mounting was an unacceptable option for this project due
to possible vandalism and accidental damage. This became an issue since houses that had suboptimal
solar exposure or poor roof conditions now had to be mounted on the house. While this simplified the
process in a way, it wasn’t until the actual construction phase that we realized some of the challenges
it created. Also, in the planning of this project we identified falls and falling objects as two main
hazards.

Travel and Logistics
The teams flew from San Luis Obispo to Durango, CO. Since cordless power tools with rechargeable
batteries could not be taken with us on the flight, we had to ship them separately. After completing the
mockup, each team was assigned a tote and filled it with the tools needed to complete their scope of

work. In order to fit everything into one tote, the teams determined what was necessary to ship and
what would be available for purchase in Durango. Drills, impact drivers, batteries, saws, and drill bits
were shipped while consumables such as fasteners and sealants would be purchased upon arrival. In
Durango a group went to Home Depot to buy all consumables and another group picked up the
shipped items. Once all materials had been collected, everyone drove another two hours to Bluffs, UT
where the project team stayed. Each morning the green and gold teams drove to the school in Red
Mesa, AZ, where we staged the materials and local guides would show us the houses we would travel
to that day. Based on the number of homes the guides assigned each team, we would then pack the
vehicles up with the appropriate materials.

Figure 3| Staging team meeting

Figure 4| Tool organization

Figure 5| vehicle staging

Construction
Day one
The overall construction process took place at each of the twelve selected houses in Navajo Nation.
After loading the vehicles at the Red Mesa School and verifying all necessary materials were loaded
up, both teams met to discuss the goals for the day and participate in a stretch and flex. Guides from
the school directed to each of the houses and communicated with the families, addressing any
concerns they may have had prior to us start installing. On the first day both teams met to work on the
first house together. The goal was to allow everyone who shared similar roles on each team work
together in the beginning to develop a process of doing the work. For each house we selected the
appropriate fastener and sealant for the conditions to connect the panels to the roof to make for the
best possible installation in the existing circumstances.
After both teams completed the first house, we each moved on with our guides to complete one home
individually. When we arrived at our team’s second home, we quickly identified some issues that
were going to impact our process such as the sub optimal solar orientation and that the house was
soon to be moved to a different location.

Figure 6 (Left)| House 1 (Both Teams): Pulling wire into the house
Figure 7 (Right)| House 1 (Both Teams): Installing panels on roof
After determining the optimal orientation and panel location for this house, we began installing the
panels on the roof. The roof on this house was sheet metal, was extremely steep, and with limited
space to maneuver around the panels during installation causing a safety concern. Our team identified
the components necessary to install panels on a metal roof and proceeded with the installation. We
also identified a process to install the panels as efficiently and safely as possible for the conditions.
While a group was installing the panels on the exterior, the rest of the team completed the installation
of the battery, lights, and refrigerator on the inside.

Figure 8| House 2 panel installation

Figure 9| House 2 interior installation

Day one evaluation and day two planning
After completing the houses on day one we realized the process was going to need to change. Overall,
it took approximately 5-6 hours to install panels on 3 homes, and we needed to install panels on 8
homes the following day. That night we met and evaluated what we thought went well and determined
what needed to change in order to get the rest of the homes done by end of day two. During our
meeting we saw that each team was taking too long deciding the best place to mount the panels.

Unfortunately, many of the homes did not possess ideal mounting locations so we needed to come to
each house with a plan. While at our second house, we spent an hour trying decide the best way to
install the panels which resulted in lots of lost time; we wanted to get this down to 10 minutes max.
Another issue we identified was tool and material management. When we would arrive onsite, we
would scramble looking for the materials and tools we needed leading to lots of confusion and lost
time. Our solution was to consolidate tools and materials we needed on each install into one box,
therefore there was no lost time hunting for what we needed. To fix the mounting location delays, we
used satellite images from Google Earth to determine the best potential panel locations based on the
images. This allowed us to come to each house with a plan and not waste time with tasks that could be
completed offsite.

Figure 10| Meeting

Day two
Now that there was an established plan in place, we started the day earlier to allow us to organize the
vehicles and predrilled the bracket holes in the panels. The first home for gold team had a fairly new
metal roof. Upon reaching the site, our team installed the brackets on the panels and verified the
mounting locations were feasible. For metal roof installs we used 1 ½” roofing screws with rubber
gaskets. These screws were long enough to secure to the roof deck but not enter the interior of the
home. Once we had the brackets on the panels, we filled the holes with butyl caulk. This flexible
sealant would prevent water from entering the penetrations, while allowing for any thermal movement
that may occur. Using an impact driver, the panels were installed next to each other so the wire
harness could reach each panel. From the harness on the roof, we had a total of 30ft of cable to reach
the battery located in the house. Once we had finished on the roof, a 1 ¼” hole was drilled on the side
of the house to route the wire inside. We used wire staples to secure the wire from the roof to the side
of the house where we made our penetration. A small amount of excess of wire was used to create a
drip loop to prevent water and from following the wire into the house. The penetration was then filed
with silicone sealant, covered with peel, and stick flashing and if there was no insulation, spray foam

within the wall. The exterior and interior work took place concurrently with the interior crew working
with the owner to locate the battery, refrigerator, and two lights per house installed with hooks.
Despite cable limitations, there were little issue reaching the owners desired battery location. The wire
was then secured using wire staples. Our lead communicator instructed the owners how to use the
system and best practices to keep it running efficiently. After the cable from outside was routed
inside, the wall was sealed on the interior with painter’s caulk and the excess cable was coiled around
the battery to allow them to move the battery if needed.
The second house on day two had a shingle roof. Despite the shingles being in fairly poor condition,
we were still able to install the panels with no trouble. Rather than using butyl caulk, we applied
roofing tar at the penetrations which is better suited for shingle roofs. We also used 2 ½” lag screws to
hit the rafters. Other than these two changes, we kept the process the same on this house as the last
one. Unlike the previous house, this house did have a power connection at one point and there was
still a line routed to the roof. While unenergized, we treated it as a hazard and stayed as far as possible
from this area.

Figure 11| House 3 panel installation

Figure 12| House 4 feeding wire

Figure 13| House 4 interior

The third house was a hogan style building with a shingle roof structure connected to it. The shingle
roof was new and most ideal for mounting the panels. Out of all the homes, this was the easiest and
safest to install panels on the roof using the same process as the previous houses.

Figure 14| Installing panels at our guide’s house
The roof of fourth house was not safe to mount the panels, let alone walk on so, we decided to mount
them vertically against the wall. When we began planning the bracket locations, we found there was
limited support in the wall. We realized we were going to need to move the brackets already installed
on the panels. Unfortunately, when the brackets were placed on the panels, they were cross threaded,
and we could not take the bolts off without shearing them. Since we had no choice but to move the
brackets, we were forced to break the bolts off, and with no extras we were able to use course
threaded self-tapping steel screws to hold the brackets. The bottom brackets of the panels were
fastened to a skirt board and the top brackets were mounted to a 2x4 brace within the wall.

Figure 15(Left)| Home that had panels mounted on the side of the house
Figure 16(Right)| Mounting panels on last house (2nd Day)

Outcome
Over the duration of this project there were many lessons learned that can be applied to future projects
of this nature. Before traveling, we planned on multiple installation methods and ordered the
necessary tools and materials to complete them. However, it was determined that onsite we would
only install the panels on the houses. The first day onsite we quickly found that we didn’t need all of
the tools we had planned and some of the excess tools took up our limited available space. For
example, the tools intended for the ground mount application that was not used were not needed to
install the components. In addition, we missed some key tools that were overlooked in our planning

like hammers to nail in the wire staples. Luckily, we were able to borrow some from the school
district. The image below (Figure 17) contains a list of all the materials that were actually needed for
the install. This list should be a good guide for future similar solar projects in Navajo Nation.

Figure 17| Items used on project per house

Another item that was corrected mid project was time management. On the first day when the teams
would come to a house there was a lot of disorganization finding materials, tools, and where the best
spot for the panels was. We decided to come early the next morning to organize all materials and tools
needed to install together in one container, panels were predrilled so brackets would quickly be
installed onsite, and using Google Earth imaging, we determined the best locations for the panels. We
clearly defined everyone’s roles and made sure they knew exactly what to do the moment we stepped
onsite. This strategy allowed our teams to reduce our time onsite from three hours to one.

Conclusion
The final product we were able to give to each homeowner was a functional solar powered
refrigerator, interior lighting, and the means to charge small electronics like a mobile phone or
Chromebook. We did out best to place panels in the optimal location given the homes’ condition to
maximize the efficiency of the system. With the help of our sponsors, we gave the selected members
of Navajo Nation identified by the Red Mesa School District as those with the greatest need, access to
power, which far too many lack. In world where technology is quickly becoming a key part of daily
life, we helped provide these families the ability to charge and use devices within their own home.
The addition of power into these homes will allow the children to charge their computers light to
complete homework reducing barriers to education for these families, and improving their
opportunities, while allowing them to continue their lifestyle, on their land, and in their traditions.
Showing the families how to use and maintain the equipment, provides clean, trouble-free energy for
many years.

